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NEW PNEUMATIC AL EXPERIMENTS about RESPIRATION. 

Thefe Experiments , made by that Indefatigable BenefaBour to Phi/ofophy , the 
Honourable Robert Boyle .in order to bring fome more Lurht to the Doctrine 
of RESPIRATION , as well as to mini ft cr occafion to Incjtufttive Natura- 
li&s to make farther Rcfc arches into the fame ^ were by their Noble Author 
communicated to the Pnbliflier of thefe Papers ; who eflcem'd it more conveni- 
ent to make them a part of thefe Trails ( they taking up the room but of a few 
fbcets) than to pub Ufa them any other way. 

The L Title. 

Obfervations made about the Ufting of Ducks included in the Exhaufted 
Receiver. 

^~yAture having, as Zoohgifls teach us 3 furnifhed ZW</ and o- 
t! ther water-Fowl with a peculiar ftrufture of fome vcilels 
about the heart 3 to enable them , when they have occafion to 
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Dive, to forbear for a pretty while refpiring under water with- 
out prejudice $ I thought it worth the tryal, whether fuch Birds 
would much better than other Animals endure the ablence of the 
Air in our exhaufted Receiver. The Accounts of which tryals 
were, when they were made, regiftred as follows. 

Experiment the 1. 
We put a full-grown Ducl^ ( being not then able to procure a 
fitter) into a Receiver,, whereof fhe filfd , by our guefs, a third 
part or fomewhat more , but was not able to ftand in any e?fy 
pofture in it 5. then pumping out the Air, though fhe feemed at 
firft (which yet I am not too confident of, upon a fingle tryal , ) 
to continue well fomewhat longer than a Hen in her condition 
would have done •, yet within the ihort fpace of one minute (he 
appeared muchdifcompofed , and between that and the fecond 
minute, her ftrugling and convtilfive motions increafed (b much, 
that, her head alio hanging careleily down, fhe feemed to be pCt 
at the point of death 3 from which we prefently refcued her by 
letting in the Air upon her : So that, this Duck being reduced in 
our Receiver to a gafping-condition within leis than two minutes, 
it did not appear, that, notwithftandingthe peculiar contrivance 
of nature to enable thefe water-Birds to continue without refpi- 
ration for forbe time under water , this Duck was able to hold 
out considerably, longer than a Hen , or other Bird not- Aquatick, 
might have done : and to manifeft, that it was not clofenefs and 
narrownefs of the veflel,in reference to fo bulky an Animal 5 that 
produced in the fubjeft of our tryal the great and fuddain change 
above- recked, we foon after included the fame Bird in the fame 
Receiver, and having by a fpecial way cemented it on very clofe^ 
we (offered her today thus (hut up with fhe Air for five times as 
long as formerly (by,ourguefle , helped by a watch,.) without 
perceiving her to be difcornpofed 5 and fhe would probably have 
continued longer in the fame condition, if my patience and lei- 
fure would have held out folong, as (he could have done in that 

prifbo. 

Experiment the 2. 
B* vbg at the feafon of the year procured a Ducklingjhzt was 
yet CaIIow,we conveyed her into the fame Receiver wherein the 
former had been included,and obferved, that, though for a while 
fhe appeared not much difquieted, whilft the Air was pumping 
out of the glaft, yet before the firft minute was quits ended , (he 
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gave manifeft tokens of being much difordered } and the opera* 
tion being continued a while longer 5 (lie grew fo much worfe, 
that feveral convulfive motions , The fell into before a fecond mi- 
nute was expired, obliged us to let in the Air upon her , whereby 
(he quickly recovered* 

NB. I determine not, whether it be proper in this place to add, 
that when the Receiver was pretty well exhaufted, the included 
Bird appeared to the Spectators manifestly bigger, than before the 
Air was withdrawn, efpeciallyabouwhe crop, though that was 
very turgid before. And to manifeft, that in this Duck, as in the 
former, the convulsions, thatufedto be immediately followed 
by Death, proceeded from the withdrawing of the ambient Air, 
and not from the clogging of it 5 we kept the fame Duckling in 
the fame Receiver very clofe, to keep out all external Air, and to 
keep in the excrementitious fleams of her body for above 6 min. 
without perceiving her to grow fick upon her imprifohmentj 
which yet lafted above thrice the time, that iufficed to reduce her 
in the abfence of the Air to a gafping condition. 

NB, It not being intended , that Ducks and other water- Fowl 
feould any more than other Birds live in an exceeding rarified Air, 
but only be able to continue uponoccafion a pretty while un- 
der waterjt may fuffice,that the contrivance of thofe parts,which 
relate to Refpiration , be fo far fitted for the purpofe, as wefhall 
fee it is when we come to the Tenth Title. 

The II. Title. 
Of the Yhtnomena afforded by Vipers included in an Exhaujied 
Receiver. 

( v ^Onfidering that Vipers are Animals endowed with Lurgs 
_j (though of a differing ftrudure from thofe of Men t Dogs, 
Cats, Birds, 8cc, ) and that their bloud is , as to fen r e > adually 
cold 5 I thought, it might upon both thofe accounts be very well 
worth trying, what effeft the withdrawing and abfence of the 
Air would have upon Animals fo conftituted. I therefore mac 
divers tryals,fome of which did not difpleafe ore; but I know 
not by what misfortune the memorials of them were loit, except 
two or three (which were not perfect,) that I (hall here fubjoine. 

Experiment the I. 
We included a Viper in a fmall Receiver, and as fan.z.1662. 
we drew out the AmjGhe began to fwell, and afford- 3 
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i. It was a good while after we had left pumping, ere the Viper 
began to fwcJl (b much as to be forced to gape, which afterwards 
(he did* 

2* That fhe continued, by our eftimate, above 2* hours in 
the exhaufted Receiver without giving clear proof of her being 
killed. 

3. That after (he was once fo fwelled , as to be compelled to 
open her jaws, (he appeared (lender and lank again, and yet very 
focn after appeared fwelled again, and had her jaws disjoined as 
before* -Experiment the 2. 

We took a Viper, and including her in the greateft (brt of fmall 
Receivers, we emptied the glafs very carefully, and the Viper 
moved up and down within , as if it were tofeekibr Air, and 
after a while foamed a little at the mouth , and left of that 
foam flicking to the infide of the glaife : Her body fwelled ik-t 
confiderably,andher neck leflfe, till a pretty while after we had 
left pumping 3 but afterwards the body and neck grew prodigi- 
ou(]y tumid, and a blifter appeared upon the back* An hour and 
an half after the Exhauftion of the Receiver (which we then 
by tryal found to be pretty ftaunch) the diftended Viper did 
give by motion manifeft figns of life-, but we obferved none 
afterwards. The Tumor reached to the neck , but did not feem 
much tofwell the under-chap. Both the neck and a great pau 
of the throat, being held betwixt the eye and the candle , were 
tranfparent enough, where the fcales did not darken them* The 
jaws remained mightily opened, and fomewhat diftorted $ the 
Epiglottis with the rimuU Lar)ngk (which remained gaping) was 
protruded almoft to the further end of the nether-chap. As it 
were from beneath this Epiglottis came the black tongue, and rea^ 
ched beyond it, but feemed by its pcfturenot to have any life > 
and the mouth alfo was grown blackifli within : but the Air be- 
ing readmitted after 25 hours in all, the Vipers mouth was pre- 
sently clofed, though (bon after it was opened again, aud conti- 
nued long fo; and fcorchingor pinching the tail made a motion 
in the whole body, that argued fome life. 

Experiment the 3. 
jpii*f. To thefe Experiments upon Vipers, I (hall add one, 
made upon an ordinary harmless Snake. 

We included fuch an Animal, together with a Cagejn a pretty 
portable Receiver, which, being exhaufted and well fecured a- 
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gainft theingrefs of the Air^was laid aftde in a quiet place^vvhere 
it continued from 10 or n a clock in the forenoon , till about ^ 
the next morning 5 and then my occafions calling me abroad, I 
looked upon the Snake, which, though he feemed to be dead, 
and gave no figns of life upon the Shaking of the Receiver , yet 
upon holding the glafs a convenient diftance from a moderate 
$re, he did in a fliort time manifeft himfelf to be alive by feveral 
tokens, and even by putting forth his forked tongue. In that con- 
dition I left him, and, by reafonof feveral avocations, came not 
to look upon him again till the next day early in the after-noon $ 
at which time he was grown part recovery, and his jaws, which 
were formerly (hut, gaped exceeding wide, as if they had been 
ftretched open by fome external violence. 

The in. Title. 
Of the Phenomena afforded by Frogs in an Exhanjied Recei- 
ver. 
THe fame confederations that induced me to 
make tryals upon Vipers> did alfo invite me e P'9- 1 
to make feveral upon Frogs -5 the fuccefs of fbme of which , the 
following Notes will declare. 

Experiment the 1. 
We took a large fufty Frog, and having includedher in a fmall 
Receiver, we drew out the Air 3 and left her not very much fwel- 
led, and able to move her throat from time to time, though not 
fo faft as when fhe freely breathed before the Exu&ion of the Air. 
She continued alive about two hours, that we took notice of, 
fometimes removing from the one fide of the Receiver to the o- 
ther 5 but (he fwelled more than before , and did not appear by 
any motion of her Throat or Thorax to exercife Refpiration, 
but her head was not very much fwelled, nor her mouth forced 
open. After fhe had remained there (bmewhat above three hours 
(for it was not 3 * hours) perceiving no fign of life in her, we let 
in the Air upon her, with which the formerly tumid body fftrunk 
very much, but feemed not to have any other change wrought in 
it ■$ and though we took her out of the Receive^ yet in the free 
Air itfelf.fhe continued to appear dark dead, Neverthelefs to fee 
theutmoftof the Experiment, having caufed her to be laid upon 
the grafsinaGardenalldght, the next morning we found her 
perfectly alive again. 

Experiment 



Experiment the 2# 
7 , About 1 1 of the Clock in the fore- noon, we put 

unszp.i o. ^ p^ .^^ a ^ a ^ Receiver, containing about 

1 5i outtc. Troy weight of water, out of which we had tolerably 
well drawn the Air, (fo that when we turned the cock under wa» 
ter 3 it fucked in about i^ounc. of water:)The Frog continued in 
it (the Receiver all the while under water ) lively enough till a- 
bout 5 of the clock in the afternoon, when it expired. The Frog 
at the firft feemed not to be much altered by the exu6tion of the 
Air, but continued breathing both with her throat and lungs. 

Experiment the £♦ 
r We included into a pretty large Receiver a cou- 

~ep .1 2. ^ e of Frogs newly taken, the one not above an inch 
long, snd proportionally (lender; the other, very large and lufty* 
Whilft the Air was drawing out, the lefler Frog fkipped up and 
down very lively, and,fornewhat to our wonder, clambered up 
feveral times to the fides ot the Receiver, infomuch that he fome- 
times ^refted himfelf againft the fide of theglafs. When his body 
feemed to be perpendicular to the Horizon , if not in a reclining 
pofture, he continued to (kip up and down a while after the ex- 
uftion of the Air, but within a quarter of an hour (meafured by 
a minute- watch) we perceived him to lye ftark dead with his bel- 
ly upwards. The other Frog , that was very large and ftrong f 
though he began to fwell much upon the withdrawing of the Air* 
and feemed to be diftreffed ,by his frequently leaping up after the 
Air was drawn out, which he did not before, yet being as we faid 
very lufty,he held out half an hour,at which time it wa*-remark« 
able, that the Receiver, though it had held out againft the pref- 
fure of the outward Air , during that fpace of time, notwith-. 
(landing that a piece of it had been cracked out, and was mend- 
ed with a cloth deep d in Cement,yet at the end of the half hour, 
the weight of the outward Air fuddenly beat it in, and thereby 
brought the imprifoned Frog a reprieve, which hindered us from 

bringing the Experiment to an ilTue* 

Experiment the 4th. 
Se t We took a ftnall Frog, and having conveyed her into 

"^ 4 rr * a very fmall portable Receiver, we began to pump out 
the Air. At firft flie was lively enough, but when the Air begat* 
to be confidently withdrawn, flie appeared to be very "much dif* 

quieted (leaping fornetimes after an odd manner^ as it were to get 
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outofthenneafy prifon,) but yet not fa, but that, after the ope- 
ration was ended and the Receiver taken off , the Frog was per- 
fe&Iy alive, and continued to appear fo ( if lam not miftaken ) 
near an hour, though the Abdomen was very much % and the throat 
fomewhat extended 3 this latter part having alfo left that wonted 
panting motion, that is fappofed to argue and accompany the 
refpiration of Frogs. At the end of about %\ hours , after the re- 
moval of the Receiver from the pump, the Air was let in j where- 
upon the Abdomen, which by that time was ftrangly fwelled, did 
not only fubfide, but feemed to have a great cavity in it , as the 
throat alfo proportionally had 5 which cavityes continued , the 
Frog being gone pad all recovery. 

Experiment the 5th. 
A large Frog was conveyed into a plated Receiver 
and the Air being withdrawn, her body by degrees was 
diftended 3 as appeared very notably, when by a cafual fpringing 
of a leak, the Air got in again, and made'her look much more 
lank and hollow than ever. The Receiver with the Gage were 
kept under water near feven hours,becanfe I was obliged to ftay 
long abroad 3 at the end of which coming home I found the Re- 
ceiver (launch, but the Frog dead and exceedingly fwelled: up- 
on the letting in of the Air , (he became more hollow and lank 
than ever. 

NB* I have purpofely, both under this title and fome others, 
fubjoyned feme Tryals,whofe events are not altogether fuch , as 
others, recited under the fame head, would invite one to expedl 3 
but I purpofely do it, not only to be true to the Impartiality , I 
propofed to my felf in writing thefe Narratives, but to awaken 
the curious to consider and obferve what variety of Thd>nomena> 
in fuchtryals, may be attributed to the feafon of the year, where- 
in they are made ^ and to the ftrength, bulk, age, peculiar con- 
(titutions, &c> that relate to the refpe&ive Animal, on which the 
Experiments are made 3 befides, what things may on other ac- 
counts be fit to be alfo confid ered* 

The IV 4 Title. 
Of the Phenomena afforded by a newly hjitenci Kkiing in the 
Exhaujled Receiver. 
Eing defirous to try, whether Animals , that had lately been 
accuftomed to live either without my % or without a full Re. 
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fpiration, would not be more d fficultly or (lowly killed by the 
want of the Air, than others,which had been longer ufed to a free 
Refpiration$ We took a Kitling that had been kttten'd the day 
before, and put it into a very fmall Receiver (that we guefled to 
hold about a pint or lefs) that it might be the fooner exhaufted. 
As foon as the pump began to play, [took notice of the time,and 
found by a Watch , that marks Minutes and Quarter-Minutes, 
within one minute or a little more after the Air firft began to be 
withdrawn, that the little Animal,who in the mean time had gafp- 
ed for life, and had fome violent convulfions, lay as dead with his 
head downwards, and his tongue out 5 but upon letting in of the 
Air, he did in a trice (hew figns of life,and being taken out of the 
Receiver quickly recovered : And to allow him the benefit ofhis 
good fortune , we fent for a Kitling of the fame age and litter, 
which being put into the fame Receiver, quickly began, like the 
other,to have convulfions,after which he lay as dead j but ob- 
ferving very narrowly , I perceived fome little motions, which 
made me conclude him alive; which I foonfound I had caufe to 
do. For though we continued pumping, and could not perceive 
that the Engine leaked more than in the former Experiments 5 the 
Kitling began to ftir again, and after a while had ftronger and 
more general convulfions than before ; till at the end of full fix 
minutes after the Exudion of the Air was begun, the Animal 
feeming quite dead, the outward Air was readmitted into the 
Receiver, which not reviving him as it had done the other,he was 
taken out of the veffel , and lay with his mouth open , and his 
tongue lolling out without any fenfible breathing, and pulfation$ 
n!! having ordered him to be pinched, thepain or fome internal 
motion, produced by the external violence done to him , made 
him immediately give maniftft figns of life, though there was yet 
no fenfible motion of the heart or the lungs ; but afterwards ga- 
ping and fetching his breath in an odd manner, and with much 
(training, as I have feen fome F<etut's do, when cut out of the 
womb, he little by little, within about a quarter of an hour, reco- 
vered : wherefore thinking it fevere to make him undergo the 
fame meafure again, we fent for another, kitten'd at the fame 
time, and indafing that alfo in the Receiver, obferved, that di- 
vers violent convulfions, as it were gafping for breath, into which 
he began to fall at the fecond or third fuck, ended in a feeming 
death, within about a minute and, an half. But being made more 
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diffident By the late Experiments,! caufed the pump to be pJyed, 
md the rather, becaufe I had a mind to obferve 5 whether when 
the Air was from time to time drawn away, there would noti- 
on the opening of the ftop-kock to Jet it out, appear fome fudden 
fwell/ng, greater or lefs,of the body of the Animal,by the ipring 
and expanfionof fome Air (or Aerial matter) included in the 
Thorax, or the Abdomen, Such aa inflation ( though not great ) 
we thought we obferved $ but tUl further tfyal I dare not aequi* 
dc€ in iu A while after,notwithftanding our continuing to pump, 
the Kitling gave manifeft figns of life-, which was not till it had en- 
dured divers convulfions, as great as thoie of the firft; fit, if not 
greater. When 7 min* from the beginning of the exhauftion were 
compleated, we let in the Air 3 upon which the little creature, 
that feemed ftark dead before, made us fufpeft that he might re- 
covervbut though we took him out of the Receiver, and put A- 
quavittt into his mouth,yet he irrecoverably dyed in our hands* 
Thefe tryals may dderve to beprofecuted with further ones, 
to be made not only with fuch Kittens,but with other very young 
Animals of different kinds j for by what has been related it ap- 
peals, that thoie Animals continued 3 times longer in the Exhau- 
fled Receiver, than other Animals of that bignefs would proba- 
bly have done* 

The V. Tittle. 

Some tryals about the Air usually harboured and concealed in 
the Pores of Water ^ &c. 

IT might affift us to make the more rational conje&ures about 
the Phenomena of divers of our Experiments 5 if we knew 
( fomething riear ) what quantity of Aerial fubftance is ufually 
found in theliquors,we imploy about them,efpecially in that moft 
common of them 5 ^/er.Andtherefore,thoughitbe very difficult, 
(if at all poffible) to determine the proportion of the Air, that 
lurks in water, with any thing of certainty, many circumftances 
making it fubjeft to vary very much 5 yet to make the beft cfti- 
mate 5 1 eafily could, where none at all that I know of hath been 
hitherto made by any man, I considered, that it might afford us 
fome light, if we difcovered at leaft what proportion, as to bulk, 
the Air latitant in a quantity of water would have to the liquor it 
came from, when the Aerial particles fhould be gathered toge- 
ther into one place. For,though about this union,and the Spring 
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that may be confequent to it , fcme doubts may Be fdggefted, 
which I have riot now time to difcufie^yet rfappofed, that at Idaft 
feme difcoveries would by this way be made, though not of the 
true proportion between the Air' and the Water, yet about two 
or three particulars, in due time to be taketi dotice o€ 

To find Inftruments, which would any way accommodate out 
purpofe,proved a very difficult work)fc>fhatainofig;bthertfaiog% 
that we were fain to do 5 this was one* that to evince how little the 
Air, latitant in water, did appear to ieffen the bulk of that water, 
if it were fuffered to flye away in an open Tube 5 we fuffered it 
to efcape in an exhaufted Receiver without any artifice to catch 
it 5 by which tryal the Water did not part wfch any thing of its 
bulk, that made a diminution fefcfible to the eye. Wherefore we 
endeavoured to make this loft vifible by feme other tryals, of 
which I can find but a few hafty memorials among my lofe En- 
tryes. 

A Chymkal pipe fealed at one end, and finches (or fome- 
what left) in length, was filfd wkh water , and inverted into a 
glals veflel, not two inches in diameter , and but 4 of an inch or 
little more in depth. Thefe glaflb being conveyed intd a fit Re- 
ceiver, and the Air being leifurefy pumped out, and fomewhat 
(Jowly readmitted , the numerous bubbles r that had afbended 
during the operation, conftituted at the top an Aerial Aggre- 
gate, mounting to rl wanting about 100 part of an inch. 
lUfi an mo Prefently after, the Tube (by and by to be defcri- 
xfmmms. fo c ^ W2S fi]] e j again with the feme water, and in* 
verted, and the water being drawn down to the furface of the 
veflelled water, and the Air let in again, the water wat impel- 
led up to the very top within a lotk aftd half a tenthof an inch. 

The Tube formeafuring the Air latitant in water was 434. in- 
ches above the furface of the ftagnant water: the Air colle&ed 
out of the bubbles at the top of tne water , was the firflr time £ 
of an inch and fomewhat better 5 thefeeond time we cftrmated 
it but vand r&. The firft time the water in the pipe was made to 
fubfide full as low as the furface of the reftagnant water: the 
fecond time the loweft, we made it fubfide^ ieemed to be 4 or 5 
inches above the furface of the water in the open veflel. 

Matter of faff thus recited would afford divers difficulties 
worthy to be confidered, which I have not leifure to difcufie; 

especially the Odd thing that happens tathe Aerial particles of 
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water : For though, whtlft they lay concealed ia the water, they 
took up fo little room ixiit^ that it was infcnfible , and when they 
were permitted to efcape, out of the Tube y the water was not 
manifeftly diminiflhed by their recede -> yet when they were aiTo* 
ciated at the top of the Tube, their aggregate did fbmetimes 
maintain a place , that was confiderable enough in reference to 
the capacity of the whole Tube 5 though I muftjiere advertife, 
that this Aggregate did at the top of the Tube poflels more room 
than its bulk did absolutely require, becaufe it was fomewhat 
defended from the preffure of the Atmofphere by the weight of 
thefubjacent Cylinder of water, which might be about three or 
four foot long* 

gHtrei Whether any confiderable proportion of Bubbles will 
be atibrded by the fame liquor, if it be fuffered to continue in the 
glali for fome competent time, after it has been once,or oftener, 
freed from bubbles already ? 

<guere : How far it may be worthy our confideration, whether 
in common water there may not be concealed Air enough to be 
of ufe to fuch cold Animals as Fijhes^ and whether it may be fe- 
parable from the water, that ft rains through their gills? 

But though I was at firft content to make ufe of this way of e- 
$imating the Air concealed in .water , yet when 1 came where I 
could be a little better accommodated with glafle? , % bethought 
my felf of a fmali Inftrument,that would much better difclofe the 
wonderful plenty of the Aerial particles t defigfied to difeoyer* 
The ftru&ure and ufe of this Glafs may be eafily enough under- 
ftood by the recital of the firft Experiment, that was made with 
it, whereof take the following Travfcript> 

We provided a clear round Glafs, furnifbed with a pipe or 
ftem of about 9 inches m length, the globulous part of the glafs 
being on the outfide about %% inches in diameter 5 the Pipe of 
this glali was within an inch of the top, melted at the flame of a 
Lamp, and drawn out for two or three inches as (lender as a 
CrowVquill, that the decrement of the water upon theRecefle 
of the Air, harboured in its pores, might, if any (liould happen, 
be the more eafily obferved and eftimated* Above this {lender 
part of the Pipe, theGIaft, as was before intimated 1 was of the 
fame hrgenefs.(or near it) with the reft of the Pipe , that the A- 
erial bubbles,aicending through the (lender part,might there find 
room to break , and (b prevent the overflowing , or lofs of any 
part of the water. T 2 This 
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This Veflel being not without difficulty and fome Induftry fil- 
led, till the liquor reached to the top of the (lender part, where 
not being uniformly enough drawn out/it was fomewhat broader 
than elfewhere; we conveyed the Glafs , together with a pede- 
ftal for it to reft upon, into a tall Receiver , and pumping out 
the Air, there difclofed them felves numerous bubbles afcending 
nimbly to the upper part of the Glafs, where they made a kind 
of froth or foam ; but by reafbn of the above- mentioned figu- 
ration of the Veflel , they broke at the top of the flender part , 
and fo never came to overflow* 

This done, the pump was fjffered to reft a while, to give the 
Aerial particles^ lodged in the.wat,er, time to (eparate thettifelves 
and emerge, which when they had done a pretty while,the pump 
was plyed again , for fear fome Air fhould have ftolen into fo 
large a Receiver* Thefe viciflitudes of pumping and refting la* 
fed for a confided time, till at .en|th tUubbte began to 
be very rare, and we weary of waiting any longer 5 foon after 
which the exterpal Air w*as let into the Receiver , and it appear- 
ed fomewhat ftrangetb the Spe&ators, that notwithftanding fo 
great a multitude of Bubbles, ashadefcaped out of the water , 
I could not by attentively comparing the place where the fur- 
face of the water refted at firft ( tb which a mark had beenaf- 
fixd) with that where it now ftbod , I could not, I fay, dif- 
cern the difference to amount to above, if fo much, as an hairs 
breadth 5 and the chief Operator in the Experiment profefled 
that, for his part, he could not perceive any difference at 

ail- 
Thus far for the Narrative of the trya! made by Watery but 
that was not the only Liquor, into whofe Aerial particles I de- 
figned by our little Inftrumcnt to enquire 5 and therefore filling 
a GIa(sof the famelhape, and much of the fame bignefs, with 
Claret awze, and placing it upon a convenient Pedeftal in a tall 
Receiver 3 we caufed fome of the Air to be pumped out 5 where- 
upon in a fhort time there emerged , through the flender Pipe 9 
fo very great a multitude of Bubbles, that weredarted,asit were, 
upwards, as did not a little both pleafe and furprize the Behold- 
ers: but it forced us to go warily to work, for fear the Ghfs 
fhould break, or the wine overflow. Wherefore we feafonably 
left off pumping, before the Receiver was anything near ex- 
!uufted, and fuffered the Bubbles to get away as they cculd , 
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till the prcfent danger was overpaficd , and then from time to 
time we pump'd a little more Air out of the Receiver, till we 
were weary , the withdrawing of a moderate quantity of Air 
at a time fufficing, even at the latter end 9 to make the Bubbles 
not only copioufly, but very fwiftly a(cend^(by a minute Watch) 
for above a quarter of an hour together. 

The little Inftrnment , made ufe of about thefe tryals , being 
defigned to examine, among other things, the quantity of Bub- 
bles lurking in feveral Liquors , is to be applyed to Spirit of 
Wine zxAchymiealOyles^ that are more fubtil Liquors than Wine 
it felf. And fomecircumftancesof our tryals made us think, that 
it might be worth examining 5 what kind offubftance may be 
obtained by this way of handling Aerial and Spirituous Corpuf- 
cles. But of the other ufes of our lnftrument elfewherc* 

The VI. Title. 

Offome Phenomena , afforded by Shell- Fifhes in an exhau- 
sted Receiver. 

Experiment the n 

AN Oy$er being fcut into a very fmall Receiver, and kept in 
long enough to have fucceltively kill'd three or four Birds 
or Bea(hj &c. was not thereby kil-l'd , nor, for ought we could 
perceive, confiderably difturb'd 3 only at each fuck we per- 
ceivd, that the Air contain'd between the two Shells broke out 
at their Commifiure 5 as we concluded from the foam which at 
thofe times came forth all round that Commiflure. About twen* 
ty four hours after, coming to fee in what condition this Oyfter 
was, I found, that both this, and another that had been put at 
the fame time into the Receiver, were alive } but how long af- 
terwards they continued fo, 1 did not obferve. 

Experiment the 7. 
That fame day we put a pretty large Crarp-F/j?) into a pretty 
large Receiver, and found, that though he had been injur'd by 
a fall before he was brought thither , yet he feemM not to be 
much incommoded by being included , till the Air was in great 
meafure pump'd out, and then its former motion prefently cea- 
fed, and he lay as dcad^ till, upon the letting in a little Air into 
the Receiver , he began fortwith to move a frcih. And upon the 
withdrawing the Air again, he prefently, as before, became 
movdefs* "Having repeated this tryal two or three times, we 
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tookhirt out of the Receiver, where he appear d not to have 

fuffer'd any harm* 

Experiment the 5. 

But I thought it not unlikely, that there may be feme fuch 

inequality in the ftrength or vivacity of Animals, as to fuch kind 

of Experiments as ours, that it might be well worth while in fe- 

veral cafes to reiterate our Tryals. And on this occafion I (hall 

here add, that having put an Oytter into a viol full of Water, 

before we included it in the Receiver, that through the liquor 

the motion of the Bubbles, expe&ed from the Fifh, might be the 

more pleafantly feen and confider'd , this Oyfter prov'd fo 

ftrong , as to keep it felf clofe (hut, and reprefsd the Eruption 

of the Bubbles, that in the other did force open the fhells from 

time to time 5 and kept in its own Air as long as we had occafion 

to continue the Tryals. 

Experiment the 4th. 

Moreover aCrate-FiJl), that was thought more vigorou^being 
fubftituted in the place of the former Craw-Fifh, though once he 
feernd to lofe his motion together with the Air, yet afterwards 
he continued moving in the Receiver, in fpight of our pumping ; 
Whether becaufe there was fome unperceiv'd leaking^ that hin- 
dred a fufficient Exhauftion of the Air, or becaufe this particu- 
lar Animal was more ftrong or vivid than the other, we could 
not pofitively determine. 

The VII. Title. 
Of the Th&nmena of a Scale- Fifh in an Exhaujied Recei- 
ver. 

THe following Experiment is far from being the firft that 
was madeonaScale-Fifli in our Vacuum^ but in regard 
that the Receivers, wherein thofe tryals were made, the Exter- 
nal Air could not be kept out near fo long, and fo well as in the 
VefTel I am about to mention , I judg'd it well worth the pains 
to obferve, what would happen to a Fifh in an exhaufted Vef- 
fel, where it fhould be kept for fome hours together from all 
fupply of frefh Air. And therefore I made feveral Tryals to that 
purpofe$ whereof that, which I think the moft confidcrable , 
was Regiftred as follows : 

We took a Receiver fhap'd almoft like a Bolthead, containing 
by eftimation near a Pint, and the Globulous part of it being 

almoft 
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almoft ha Jfful! of water, we put into it, at the Orifice ( which was 
pretty large) a final 1 Gudgeon > about three Inches long , which 
when it was in the Water fwam nimbly up and down therein. 
Then having drawn out the Air fo well , that we guefrd by a 
Gage, that about nineteen parts of twenty or more might be ex- 
haufted, we fecur'd our felves, that the regrefs of the Air fhould 
not injure our Experiment 5 about which we obferv'd thefe par- 
ticulars* 

Firfis The neck of the Gla/s being very long , though there 
appeared great ftore of Bubbles all about the Fifti; yet the reft 
of the Water 5 notwithstanding the withdrawing of fo much 
Air ashas been mentioned, emitted no froth , and but few Bub- 
bles* 

Secondly s The Fifh both at his mouth and gills did 5 for a 
;reat while, difcharge fuch a quantity of Bubbles as appeared 
trange 5 and for about half an hour or more ( for much longer 
I haddot opportunity to watch it,) when ever he refted a while, 
new Bubbles would adhere to many parts of his Body (as if they 
were generated there) efpecially his Fins and Tayle : So that he 
would appear almoft befet with Bubbles ^ and if, being excited 
tofwim 5 hewasmadetofhakethemof^ he would quickly , up* 
on a little Reft,be befet with new ones as before. 

Tbirdfyy Almoft all the while he would gape and move his 
Gills, as before he was included ; though towards the end of the 
time that I watch'd, it often happened, that he neither took in, 
nor emitted any Aerial particles that I could perceive. 

Fourthly After a while he lay almoft conftantly with his Belly 
upwards, and yet would in that pofture fwim brifkly as be- 
fore. 

Fifthly^ Nay after a while he feenrd to be more lively than at 
firft putting in 5 whether by reafon, that by difcharge of fo ma- 
ny Bubbles , which by their diftenfion perhaps put him to pain , 
he found himfelf relievd , or for fome other caufe , I examine 
not. 

Having oecafion to go abroad, I return'd about an hour and 
a half aftei* he had been leald up 3 and found him almoft free from 
Bubbles, and with his Belly upwards, and feeming fomewhat tu- 
tfiid, but yet lively as before. But an hour and a quarter after 
that, When riling from dinner I went to look upon him again, 
befeem'dtobe movekG and fomewhat ftifF.j yet upon (baking 
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theGlafs, obferving fome faint figns of life in him by fomc Lan- 
guid motions, he attempted to make when excited to them , I 
open'd the Receiver under water, to try if that Liquor and Air 
would recover him 5 and the external water rufhing in till it 
had fill'd the vacant part of the Ball and the greateftpart of the 
ftenuoo, the Fifh funk to the bottom of it , with a greater ap- 
pearance than ever of being alive 3 in which ftate after he had 
continu'd a pretty while, 1 made a fhift, by the help of the wa- 
ter he fwam in, to get him through the Pipe into a Bafon of wa- 
ter, where he gave more manifeft figns of life : but yet for fomc 
hours lay on one fide or other , without being able to fwim or 
ly on his belly, whichappear'd very much flirunk in, as if fome- 
thing during the time of its being feaFd up had been broken in 
his body, or his Belly had been exceedingly diftended , beyond 
reflitution<toits former Tone. 

All the while he continued in the Bafon of water, though he 
movd his Gills as before he had been feal'd up 5 yet I could not 
perceive, that he did, even in his new water, emit, as formerly,any 
Bubbles, though two or three times I held him by the Tayl in 
the Air, and put him into the Water again 5 where at length he 
grew able to lye conftantly upon his Belly ( which yet retained 
much of its former lanknefs ;) and though it be now about or a* 
bove twenty four hours fince he was firft included , he continues 
yet alive* 

(Pofifcript. He liv 1 d in the Bafon eight or ten day es longer 5 
though divers Gudgeons fince taken dy'd there in much fewer 
dayesO 

The VI1L Title. 
Of two Animals included^ with large wounds in the Abdomen^ 
in the Vneumatical Receiver. 

Experiment the 1. 
$*ptAu A Small Bird, having the Abdomen opened almoft 
±\ from flank to flank, without injuring the Guts , 
was put into a finall Receiver, and the Pump being feta work 
continued for fome little time without giving any figns of di- 
ftrefs, but at the end of about a minute and an half from the 
beginning of the exhauftion 5 (he began to have convujfive inor 
tions in the wingsj and though the convulsions were not-univerr 
fal, or did appear violent, as isufualin other Birds from whom 
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the Air is withdrawn by the Engin, yet at the end of two full minutes, 
tetting in the Air, and then taking off the Receiver we found the 
Bird irrecoverable ; notwithftanding which we did not find any no- 
table alteration in the Lungs, and found the Heart (or at lead the Au- 
ricles of it) to be yet beating , and fo it continued for a while af- 
ter. 

Experiment the 2. 

We took alfo a pretty large Frog , and having without violating the 
Lungs or the Guts made two fucn incifions in the Abdo- 
men, that the two curled bladders or lobes of the Lungs Zhefamtdaf. 
came out almoft totally at them , we fufpended the Frog 
by the legs in a fmall Receiver , and after we had pumped out, a good 
part of the Air, the Animal ftrugled very much, and feemed to be much 
diford^red, and when the Receiver was well exhaufted ., Ihelay ftiU 
for a while as if (he had been dead, the Abdomen and thigh very much 
fwclled, as if fome rarified Air or Vapor forcibly diftended them. But 
as, when the Frog was put in, one of the Lobes was almoft foil , and 
the other almoft fhrunk up, fo they continued to appear, after the Re- 
ceiver had been exhaufted-, but upon letting in of the Air , nee only 
the body ceafed to be tumid^but the plump bladder appeared for a while 
ihrunk up as the other, and the Receiver being removed, the Frog 
prefently revived , and quickly began to fill the Lobe again with 
Air* 

The IX. Title. 

Of the motion of the fe^r ate d Heart of a Cold Animal in ike 
Exhaufted Receiver. 

Ithoutdifcufling the opinions of Learned men about the con- 
nexion and dependency of the Motion of the Bloud, and Beat- 
ing of the Heart, 1 thought, it might give me a fufficient inducement 
to make the following Experiment,thatfeveral forts of Animals would 
be prefently killed in our Vacuum by the withdrawing of the Air , and 
even the Infeds mentioned in the formerly published Digreffwn about 
Refpiration, though they alfo were not totally deprived of life by the 
abfence of the Air, yet they were of viftble motion i Wherefore fome 
good hint or other being to be hoped for from the difcovering , whe- 
ther or no a feparated^Heart, which is but a part of an Animal, would 
continue its motions in our Vacuum \ we made fome tryals to that pur- 
pofej whofe fuccefsl find thus fet down. 

Experiment the I. 

The Heart of an Eele being taken out and laid upon a • plate of Tin 
in a fmall Receiver when we perceived it to beat there as it had done in 
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the opeft Air, weeihaufted the Veffel, and faw, that, though tfrehea it 
grew very tumid, and here and* there fent forth little Babbles, yet it 
continued to beat as manifeftly as before , and Teemed to do fo more 
fwiftiy-i as we tryed by numbring the puliation* it made in a minute ^ 
whilft it was m the exhaufted Receiver , and when we had readmitted 
the Air, and alfo when we took it out of the Glafs , and fuffered it to 
continue its motion in the open Air. The heart of an other Eele , be- 
ing like wife taken out, continued to beat in the emptied Receiver, as 
the other had done* 

Experiment the 2. 

The Heart of an other Eele, after having been included in a Receiver 
firft exhaufted , and then accurately rfecured from leaking , though 
it appeared very tumid, continued fed beat there an hour v a ft er which 
looking upon it and finding its motion very languid,arid almoft ceafed, 
by breathing a lktle upon that part of the glafs where the heart was, it 
uickly regained motion, which I obferved a while •, and an hour after 
mding it to feem almoft quite gone , I was able to renew it by the ap- 
plication of a little more warmth. At the end of the third hour* com- 
ing to look at it once more, a bubble, that appeared to be placed be- 
tween the Auricle and the Heart, feemed to have now and then 1 a little 
trembling motion^ but I found it fo faint, that I could no more by 
warmth excite it, fo as plainly to perceive the heart; to move * where- 
fore I fuffered the outward Air to rufli in , but could not difcern, that 
thereby the heart regained any fenfible motion, though affifted with the 
warmth of my breath and hands.. 

The X. Title. 

A Cdffrpdrifin of the Times wherein Animals may bt k}tt*d by 
Drownings or withdrawing of the Air* 

TO help my felf and others to jucfge the better of fome difficulty's 
concerning Refpiratton, I thought it might be ufefttl, that we 
compar'd together the Times , wherein Animals may be killM by that 
want of Refpiration, which in thofe that are drownM is caufed by the 
water that fuffocates them, and thkt other want, which proceeds frOm 
withdrawing the ambient Air. Of the latter of thefe a fufficient; num- 
ber of Inftances is to be met with among our other Experiments , and 
therefore I rtiall now fubjoyn a»bout the former the more Tryals, becaufe 
this Coraparifon hath not, that I know of , been yet thought on by 
any. 

Experiment the i« 

S*t*< x °* A Green-Finch^ having his legs and wings tyed to a "weight, 
was gently lee down into a glaft-body fill M with water •, the 
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time of its total immerfion being mark'd : At thceftd df half a minute 
after that time the ftruglings of the Bird fceming finifh'd, he was 
aimbly drawn up again, but found quite dead. 

Experiment the Z. 

Whereupon a Sparrow, that was very lufty and quarrelfome , wa§ 
tyM to the fame weight, and let down after the fame manner*, but 
though he feem'd to be under water more vigorous than the other Bird, 
and continued ftrugling alrnoft to the very end of half a minute from 
the time of his being totally immers'd ( during which ftay under water 
there afcendcd f from time to time,pretty large bubbles from his mouth,) 
yet notwithftanding, that as foon as ever the half minute was eomplca- 
led, he was drawn up,we found hira,to our wonder, irrecoverably gone. 

Experiment the 3. 

A fmall Moufe, being held under water by the tail,emitted from time 
to time divers Aerial Bubbles out of his mouth •, and at laft ,* as one of 
the Spe&ators affirm'd, he faw at one of his Eyes, being taken out at the 
end of half a minute and fome few feconds , he yet retained forae moti- 
ons -, but they prov'd but Convulfive ones , which at laft ended in 
Death. 

By what is related under the I. Title, it does not appear, fW Water- 
fowl , at leafi that Ducks could in our Receivers endure the want of Air 
much longer than other Birds ; But now tejhew , that the Contrivance of Na- 
ture is not, injignif canty as to the enabling them to continue much longer under 
Water 9 without frefb Air, than, the Land* birds abovementiond , it will not be 
amifs, tofubjoyn the two following Experiments, 

Experiment the 4th ♦ 

We took the D#c^mentionM in the /. Title , and fo tyM a confidera- 
ble weight of Lead to her body, as it did not hinder her Refpiration , 
and yet would be fure to keep her down underwater-, which we had 
found that a fmall weight would not do by reafon of her ftrength. v nor 
yet a great weight, if tyM only to her feet, in fuch amiddle-Gz'd Tub 
as ours was , becaufe of the height of her neck and beak* With the 
above- mentioned Clog , the Duck was put into a Tub full of clear wa- 
ter, under whofe Surface ftie continued, about a minute by my Watch, 
quietly enough, but afterwards began to appear for a while much di- 
fturb'd ; which fit being over, our not perceiving any motion in her 
made us, at the end of the fecond minute, take her out of the water ,,to 
fee in what condition the was , and finding her in a good one , after 
we had allowed her fome breathing time to recruit her fclf with frelh 
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Air, we let her down again Into the Tub, which in the mean time hadF 
been fi IN with frefh water, ieaft the other , which had been troubled: 
with the fteams and foulnefs of the Ducks Body , might either haften 
her death by its being infe&ed with them , or hinder our difcerning 
what ihould happen, by its berng opacated by them . 

The Bird being thus under water did, after a while,, begin, and from 
time to time continue, to emit divers Bubble* at her Beak. There aifo 
came out at her Noftrils divers re^I Bubbles from time to time ^ and 
when the Animal had continued about two minutes or better under wa- 
ter, Ihe began to ftruggle very much, and to endevour either to emerge 
or chang Poftures * the latter of which fhe had liberty to do , but^noc 
the former. After four minutes, the Bubbles came much more fparing- 
ly from her : then alfo /he began to gape from time to time, (which we 
had not obferv'd her to do before, )but without emitting Bubbles y and 
fo /lie continued gaping till near the end of the (ixth minute , at which 
time all her motions, fome of which were judg'd convuKive > and o~ 
thers that had been excited by our rouzing her with a forceps , appeared 
to ceafe and her head to hang carelefly down, as if fhe were quite dead* 
Notwithftanding which, we thought fit for greater fecurity to^ conti- 
nue her under water a full minute longer, and then finding no figns of 
life, we took her out, and being hung by the heels , and^gently prefs'd 
in convenient places,fhe was made to void a pretty quantity of water , 
of which whether any had been f eceivM into the Lungs themfelves , we 
had not time and opportunity to examine. But all the means, that were 
to recover the Bird to life, proving Jneffe&ual, we concluded, (he had 
been dead a full minute before we removed her out of the watery So 
that, to jfum up the Event of our Experiment, even this Water-Bird 
was not able to live in Cold W3ter, without taking in fre/h Air, above 
fix minutes ^ which is but rv of an hour. 

Experiment the 5th* 

The Duckling mentionM in the I. Title zn&fecond Experiment 3 having 
a competent weight tyed to her legs, was let down into a Tub of Wa- 
ter which reached not above an inch or two higher than her Beak *. du- 
ring the moft part of her continuance, there came out ftore of Bubbles 
atherNoftrils, but there feemM to come out more and greater, from 
a certain place in her head almoft equidiftant from her eyes, but fome- 
what lefs remote from her Neck than they, Whiift fhe was kept in this 
condition, ihe feem'd frequently to endeavour to dive lower under 
water, and after much ftrugling and frequent gaping, fhe had divers 
convulfive motions, and then let her Head fall dawn backward, with her 
Throat upwards* To which movelefs pofture (lie was reducM at the 
end- of the third minute, if not a little fooner *, but a while after there 
appearM a manifeft but tremulous motion in the two parts of her Bill ? 
which continued, for fome time, but afforded no Circumftanccs,where- 



(2031) 

by we could be fure, that they were not Convulfive Motions- but thefe 
alfo cealing upon the end of tne fourth minute , the Bird was taken out 
and found irrecoverable* 

Experiment the 6tfn 
A Viper that was kept fo many hours in an Exhaufted Receiver , till 
it was concluded to be ftarkdead , and to have been fo for a good 
while, was neverthelefs refolutely hindered by me from being thrown 
away, tilllhad try'd, what could be done by keeping it all night in a 
glafs-body upon a warm digeftive Furnace. Whereupon this Viper 
was founcfthe next morning not only to be revived, but to be very live- 
ly, fo as to invite me to make with Her, without feeking for another, 
the following Experiment, 

We put her into a tall Glafs-body, fitted with a Cork to the Orifice 
of it, and deprefs'd with weight , fo that (he could come at no Air. 
In this cafe we obfervM her from time to time ^ and after flie had b^n 
duck't a while, flie lay with very little motion for a confiderable fpace 
of time* At an hour and a quarter flie often put outher black tongue.: 
at near four hours flie appeared much alive., and r as I remember, about 
that time alfo put out her tongue, fwimming all this while, as far as 
we obfervM , above the bottom of the water. At the end of about 
feven hours or more , Hie feem'd yet to have fome life in her , her po- 
fture being manifeftly changed intheGUfs, from what it was a while 
before-, unlefe that might proceed from fome difference made in her 
Body as to Gravity and Levity. Not long after flie appeared quite 
dead, her head and tayl hanging down movelefly, and direftly towards 
the bottom of the vefiel, whil-ftthe middle of the Body floated asmucii 
as the above- mentioned Cork would, permit it. 

Hafte maketh me pretermit the mention of divers things fuggefled by 
what hath been delivered upon the prefent Title* But this one thing 
"Would be- taken notice of , that, though fome of the abovementioned 
Animals feem,by the Relations we have giv^en of them , to have been a 
little fooner deftroyed by drowning, than any we have mentio'nd were 
by our Engin, that is no fure proof , that fuffocation does kill A- 
nimalsfafter, than the deprivation of Air, they are expofed to in 
our Engin. For in drowning , that, which deftroys is applyed to its 
full vigour at the very firft, and all at once ^ whereas, our Receivers 
being made for feveral purpofes , the Deprivation of the Air , that 
they make , cannot be made all at once, but the Air muft be purnp't 
out by degrees *, Co that till the laft the Receiver will be but partly 
emptied. For confirmation of which, I have this to alledge, that, ha- 
ving in the prefence of fome Virtuofi provided for the nonce a very 
fmall Receiver, wherein yet a Moufe could live fometime , if the Air 
were left in it, we were able to evacuate it at one "fuck , and by that 
advantage we were enabled , to the wonder of the Beholders , to kill 
the Animal in lefs than half a minute. 

At* 



